ABSTRACT In Iowa, the management of insect pests in soybean, Glycine max (L.) Merr., has been complicated by the arrival of the invasive species soybean aphid, Aphis glycines Matsumura (Hemiptera: Aphididae), and occasional outbreaks of bean leaf beetle, Cerotoma trifurcata (Fö rster) (Coleoptera: Chrysomelidae), populations leading to economic losses. Several insecticide programs designed to reduce abundance of the overwintered and Þrst generation C. trifurcata and the incidence of bean pod mottle virus were evaluated over 3 yr (2004 Ð2006) for their impacts on A. glycines populations, at three locations in Iowa (Floyd, Lucas, and Story counties). There was no signiÞcant overlap of either overwintered (early May) or the Þrst (early July) generations of C. trifurcata with A. glycines, because aphids were Þrst detected in June and they did not reach economically damaging levels until August, if at all. During this study, insecticides targeting the overwintered population or the Þrst generation of C. trifurcata provided a limited impact on A. glycines populations compared with untreated controls, and they did not prevent economic populations from occurring. Furthermore, the highest populations of A. glycines were frequently observed when a low rate of lambda-cyhalothrin (178 ml/ha) was applied targeting the overwintered population of C. trifurcata. Soybean yields were not protected by any of the insecticide treatments. Our results indicate that the use of either early season foliar or seed-applied insecticides for C. trifurcata management is of limited value for A. glycines management.
range in southeast Asia, it may eventually extend its North American range into the south-central United States . By 2002, A. glycines had been found in every county in Iowa . In Iowa, A. glycines colonize soybean Þelds beginning in June, and they have become economically important in July and August (Johnson 2006) . A. glycines is an inconsistent pest of soybean in Iowa, with great temporal and spatial variability in the occurrence of economic outbreaks (Johnson 2006) . Despite the remarkable fecundity of A. glycines (McCornack et al. 2004 ), a community of generalist predators within soybean can delay establishment and suppress A. glycines population growth (Fox et al. 2004 (Fox et al. , 2005 Costamagna and Landis 2006; Schmidt et al. 2007) . Given this variability and the impact of predators, growers are recommended to scout soybean Þelds beginning in July and apply an insecticide when populations exceed 250 A. glycines per plant (Ragsdale et al. 2007) .
C. trifurcata is native to North America, and its biology has been well described in Iowa (Smelser and Pedigo 1991 , Krell et al. 2003b , Bradshaw 2007 . C. trifurcata overwinter (F 0 ) as adults, and it has two generations, with adult peak abundance for Þrst (F 1 ) and second (F 2 ) generations in mid-July and late August, respectively. Adult C. trifurcata cause economic injury as leaf defoliators and pod feeders Zeiss 1996, Lam and . In Iowa, targeting the overwintered and Þrst generation of C. trifurcata with either a seed treatment (neonicotinoid) or a foliar insecticide (typically a pyrethroid or organophosphate) can reduce C. trifurcata populations and the incidence of bean pod mottle virus (family Comoviridae, genus Comovirus, BPMV) (Krell et al. 2004) in soybean. Both neonicotinoid and pyrethroid insecticides are active against C. trifurcata and A. glycines ); therefore, it is possible that both pests could be managed within the same program. However, it is not clear whether a seed treatment applied at planting or a foliar insecticide applied in early June to early July would be effective for suppressing or delaying A. glycines outbreaks given itsÕ phenology in Iowa. According to McCornack and Ragsdale (2006) , neonicotinoid insecticides applied as seed treatments reduced A. glycines population growth rates in Minnesota. However, this reduction in population growth rate did not result in higher soybean yield.
Our objective was to determine whether the management of C. trifurcata for the reduction of BPMV would affect the impact of A. glycines on soybean yield in Iowa. We hypothesize that seed-or foliar-applied insecticides used alone or in combination for the control of C. trifurcata would reduce A. glycines populations and that they would provide greater population reduction and soybean yield protection compared with untreated plots.
Materials and Methods
Experimental Design. The experiment was conducted over 3 yr (2004 Ð2006) , and at three locations (Floyd, Lucas, and Story counties) in Iowa. Treatments consisted of seed-applied (thiamethoxam; Cruiser, Syngenta Crop Protection, Greensboro, NC) or foliar-applied (lambda-cyhalothrin; Warrior, Syngenta Crop Protection, Greensboro, NC), insecticides used alone or in combination (Table 1) . Insecticide applications were timed to either prevent feeding by the F 0 population of C. trifurcata, the F 1 generation of C. trifurcata, or both the F 0 and F 1 generations of C. trifurcata. In total, Þve different insecticide treatments and an untreated control were tested. The general-use rate (CDMS 2007 ) of lambda-cyhalothrin for management of C. trifurcata in soybean ranges from 134 to 227 ml/ha (from 1.8 to 3.2 ß oz/acre). The F 0 population of C. trifurcata was targeted with a rate of 178 ml/ha and when lambda-cyhalothrin was applied to manage the F 1 generation of C. trifurcata the maximum rate of 227 ml/ha was chosen to maximize the residual activity. In all years, applications were based on the detection of F 0 C. trifurcata on emerging soybeans or teneral C. trifurcata (signaling the emergence of the F 1 generation). C. trifurcata populations were monitored weekly by using two different methods of sampling. In situ counts of C. trifurcata on 5 m of row were used when soybean plants were in early vegetative stages (VEÐV4), and foliar sampling consisted of 20 pendulum sweeps with a 38-cm-diameter sweep net running the direction of the row when plants were in later vegetative and reproductive stages (ՆV4) (Bradshaw 2007) . Variation in the timing of foliar insecticide occurred due to differences in the detection date of teneral C. trifurcata across locations and years (Table 2) .
In 2004, at all locations, soybean (variety Mark 0124 RR, glyphosate tolerant) were planted in six 76-cm rows, and treatments were applied to plots measuring 10 by 34 m at a population of 456,000 seeds per ha (190,000 seeds per acre). Plots were arranged in a randomized complete block design with eight replicates. Foliar insecticides were applied using a groundpulled sprayer applying 142 liters/ha (15 gpa) at 137 kpa (20 psi) at all locations. All aphid counts were taken from the center four rows to control for edge effects. Additionally, yields were also only taken from the center four rows with the exception of the Floyd County location. At this location a border row was harvested to accommodate limitations of the available equipment. , so an additional site ( (Hodgson et al. 2004) . When 0 to 80% of plants were infested with A. glycines, A. glycines on 20 plants were counted; when 81 to 99% of plants were infested, A. glycines on 10 plants were counted; at 100% infestation, A. glycines on Þve plants were counted, and plants were randomly selected from the center eight rows within each plot.
The seasonal exposure of soybean to A. glycines was reported in units of "cumulative aphid days (CAD)," calculated based on the number of aphids per plant between two sampling dates:
where x is the mean number of aphids on sample day i, x iϪ1 is the mean number of aphids on the previous sample day, and t is the number of days between samples i Ϫ 1 and i. Summing aphid days accumulated during the growing season or CAD provides a measure of the seasonal aphid exposure that a soybean plant experienced (Hodgson et al. 2004 ).
Yield. Yields were determined in 2005 and 2006 by weighing grain with a grain hopper, which rested on a digital scale sensor custom designed for each of the three harvesters. Yields were corrected to 13% moisture, and they are reported as kilograms per hectare. Yield data from 2004 are part of an additional experiment and are already reported by Bradshaw (2007) .
Data Analysis. Average aphid days accumulated each week were calculated for each treatment throughout the growing season. The affect of insecticide treatments on accumulation of aphid days was determined using natural log-transformed data to meet the assumptions of analysis of variance (ANOVA). To test the affect of insecticide treatments for C. trifurcata control on the establishment and population growth of A. glycines, a repeated measures ANOVA was used. The repeated statement consisted of an interaction among the following factors: year, week, location, treatment and block with blocks nested within locations. Both year and block (location) were considered random factors. A repeated measures ANOVA was performed with a Toeplitz covariance structure, which provided the best model Þt in PROC MIXED (SAS Institute 2004) . To analyze the year-to-year variability, data were pooled across years and locations with the exception of data from the Lucas County due to the lack of data spanning multiple years. In addition to an analysis of pooled data, individual locations within a year were analyzed using a one-way ANOVA in PROC MIXED (SAS Institute 2004) and F-protected least-squares means for mean separation. These same analyses were used to determine the effect of experimental treatments on soybean yield. The population growth rates of A. glycines were analyzed using a one-way ANOVA in PROC MIXED and F-protected least-squares means test for mean separation. Population growth rates were analyzed using PROC MIXED and F-protected leastsquares means test for mean separation were used to determine whether population growth rates differed among any of the treatments. 
Results
There was a large amount of variation in A. glycines populations by year and location (Table 3) (Table 4 ). In 2005, populations at two locations surpassed both the economic threshold and the EIL. Given this variation we summarized the treatment effects by year ( Fig. 1 ; Table 5 ).
In 2004, there were no economically damaging populations of A. glycines at any of our study sites. A. glycines were Þrst detected on 22 July in Floyd County and 23 June in Story County. Populations peaked at different densities in the control treatment at both locations (Table 4) . Despite these low populations, signiÞcant differences in A. glycines abundance due to treatment and location effects were observed (Table  5 ). The only insecticide treatment that resulted in A. glycines exposure signiÞcantly lower than untreated plots were those in which seeds and foliage were treated with insecticide or two applications of a foliar insecticide were made ( Fig. 2a and b) . In summary, these preventative insecticide treatments did not reduce aphid population growth rates as compared with untreated plots at all three locations (Table 6 ).
In 2005, economically damaging A. glycines populations occurred at two of the three locations (Floyd and Story counties; Table 4 ). A. glycines were Þrst detected on 27 June (Floyd County), 22 June (Story County), and 1 June (Lucas County). By August, A. glycines populations peaked in the control treatment at all three locations, and they were above the economic threshold at two locations (Floyd and Story counties; Table 4 ). SigniÞcant differences in soybean exposure to A. glycines were detected across the insecticide treatments (Table 5 ). Despite exceeding the economic threshold, there was no observable effect on soybean yield by any of the insecticide treatments at the Story County site (Fig. 3b) . Although signiÞcant differences in soybean exposure to A. glycines were observed in 2005 (Table 5) , no insecticide treatment prevented A. glycines populations from exceeding the economic threshold at the same time as those plots that were left untreated. In 2005, preventative insecticide treatments did not provide yield protection or reduce aphid population growth rates as compared with untreated plots at all three locations (Table 6 ). In 2006, economically damaging populations of A. glycines were not experienced at any location and populations were below the economic threshold. A. glycines Þrst were detected on 6 July in Floyd County and 31 May in Story County. Populations peaked at different densities in the control treatment across both locations (Table 4) . Despite these low populations, signiÞcant differences in A. glycines exposure levels due to treatment and location effects were observed (Table 5 ). In 2006, the only treatment that experienced lower A. glycines exposure than the control was the thiamethoxam-treated seed that also received lambda-cyhalothrin at the emergence of the F 1 generation of C. trifurcata in Story County (Fig. 4a and b) . In 2006, preventative insecticide treatments also did not provide yield protection or reduce population growth rates compared with untreated plots at all three locations.
Discussion
A preventative insecticide program (one that applies an insecticide without reference to pest populations) is only appropriate against a severe pest whose population equilibrium position is consistently above an EIL (Stern et al. 1959 ). Additionally, a preventative treatment should not result in pest resurgence later in the growing season or increase the likelihood of resistance development (Stern et al. 1959) . As observed in this study, the preventative tactics examined are not appropriate for A. glycines management. Although the use of seed treatments and foliar insecticides applied before A. glycines arrive could be justiÞed based on the risk of C. trifurcata (Krell 2002 , Krell et al. 2004 , the use of these products in absence of the need for C. trifurcata management is not effective for A. glycines management. Factors leading to this conclusion include the year-to-year variation in A. glycines populations and the occurrence of economic populations in Iowa past the period in which insecticides used in this study would still be active (McCornack and Ragsdale 2006) .
There was signiÞcant variability in A. glycines populations, with nearly a ten-fold difference in the peak aphid populations across the three years that this study was conducted. A. glycines populations were below the economic threshold of 250 aphids per plant in both 2004 and 2006 at all locations. This variation is not limited to Iowa (Myers et al. 2005a,b) , and since its introduction into the United States, the risk of A. glycines outbreaks seems to vary greatly from year to year (Myers et al. 2005b) , and from location to location within a given year (Myers et al. 2005a ). Since its arrival in Iowa, A. glycines populations have reached economic levels in three of the past 7 yr (M.E.O., unpublished data). Based on temporal and spatial variation of A. glycines preventative insecticide treatments are ineffective to economically manage A. glycines populations.
We did not observe an overlap in the occurrence of A. glycines during the growing season with the overwintered generation and Þrst generation of C. trifurcata. The overwintered generation of C. trifurcata feed on soybean plants as soon as they emerge. The emergence of the F 1 generation of C. trifurcata typically occurs near the Þrst week of July in Iowa (Smelser and Pedigo 1991 glycines as early as the Þrst week of June (Fig. 1) in the untreated plots, populations of A. glycines did not reach economically signiÞcant levels until late July or early August, nearly 60 d after planting. By this time, we expect limited, if any, residual activity from thiamethoxam as a seed treatment (McCornack and Ragsdale 2006) .
In general, insecticides applied targeting C. trifurcata had little measurable effect on soybean exposure to A. glycines (Fig. 3) , and no insecticide treatment had any detectable effect on soybean yield (Fig. 3) . A lack of detectable effect on yield may be because A. glycines and C. trifurcata populations were below a detectable injury level. This is likely the case in 2004 and 2006 when populations in untreated plots at all locations were below the economic threshold. A possible explanation for the lack of yield differences in 2005 in Floyd and Story counties is that none of the treatments prevented the A. glycines population from reaching the EIL. In related studies conducted at the Floyd County research site, we observed signiÞcant (16%) yield improvement when lambda-cyhalothrin was applied based on the 250 per plant threshold (Johnson 2006 , Ragsdale et al. 2007 ). So, even under conditions where a preventative treatment may be justiÞed (i.e., an outbreak year for A. glycines), none of the tactics that we tested provided any measurable yield protection (Fig. 3) . We conclude that growers in Iowa that rely on the management of the F 0 or F 1 generation of C. trifurcata with either a seed-or foliarapplied insecticide will see little, if any, beneÞt toward A. glycines management.
McCornack and Ragsdale (2006) documented a reduction in A. glycines population growth by using thiamethoxam seed treatment at a rate of 50 g/100 kg seed. But, we found no such evidence in Iowa at that same rate. In fact, we found no reduction in A. glycines population growth rates in any of our treatments. This is likely due to a difference in A. glycines phenology between the Minnesota study and our study, with damaging A. glycines populations occurring later in Iowa. The Minnesota study artiÞcially infested soybean plants at the V2 growth stage, whereas the natural occurrence of economic populations were not experienced in Iowa until early August when plants were in reproductive (R) growth stages (Fig. 1) .
Preventative treatments should carry a minimal risk of causing ecological backlash if they are to be effective (Pedigo and Rice 2006) . Common forms of ecological backlash are the development of insecticide resistance and pest resurgence. Estimating the potential development of insecticide resistance was not a goal of this research. It is not clear what the likelihood of resistance to one or multiple insecticides is for a management program based on preventing disease transmission (Krell et al. 2003a) . Pest resurgence can be caused by insecticide applications, which disproportionately affect the beneÞcial insect community aiding in the establishment of a pest population. At two locations in 2005 (Floyd and Lucas counties), the highest A. glycines exposure levels were observed when a foliar insecticide targeted the overwintered population of C. trifurcata, and it was not followed by a second insecticide treatment (Fig. 3a and c) . Although these were not statistically higher than the control, they were numerically higher than all other treatments at those locations. A possible explanation is that the earliest application of the foliar pyrethroid may have removed preexisting insect predators resulting in greater A. glycines population growth. that generalist predators that are present in soybean before the arrival of A. glycines are capable of suppressing aphid establishment and population growth. An example of such a predator is the insidious ßower bug, Orius insidiosus (Say). This predator has the potential to slow both establishment and population growth of A. glycines (Rutledge and OÕNeil 2005) . In Iowa, O. insidiosus populations establish in soybean before A. glycines is detected, and they are present from mid-June to mid-September (Bechinski and Pedigo 1981, Schmidt 2006) . Although our data suggest that resurgence of A. gylcines can occur, it is not clear how likely this form of ecological backlash will occur.
Management of both C. trifurcata populations (overwintered and Þrst generation) and A. glycines in Iowa is not currently possible with a single or multiple early season insecticide treatments. Timing of insecticides with A. glycines seasonal phenology is important for efÞcient management of this pest. Based on the temporal and spatial variation of A. glycines populations, preventive insecticides should not be used in Iowa for A. glycines management. The potential of ecological backlash in this system needs more research; resurgence may occur, in some situations, with the preventative use of insecticides. In conclusion, our research provides new information about the management of A. glycines and C. trifurcata in Iowa and provides support for current management recommendations to monitor A. glycines populations through a scouting program by using an economic threshold.
